Abstract
Introduction
Giant cell tumour of bone (GCT) is a relatively uncommon primary bone tumour. 1 It accounts for 5-6% of all primary bone tumours and approximately 20% of benign bone tumours. Variations in incidence have been reported from around the word. [2] [3] [4] Significantly higher incidence rates have been observed in China and southern India, where these tumours constitute about 20% of all primary bone tumours. 5 GCTs are benign but locally aggressive mesenchymal neoplasms with unpredictable biological behavior. 6 The majority of cases (80%) occur between the third and fifth decade of life and a slight female predominance with a male-to-female ratio of 1:1.5 has been reported. 2, 3 Less than 3% of cases occur before the age of 14 years, and only 13% of cases occur in patients over the age of 50 years. 5 These tumours are typically located at the ends of long bones (distal femur, proximal tibia, distal radius and proximal humerus) but have been reported in almost all other anatomical sites. 6, 7 Patients usually present with swelling and activity-related pain that can progress to pain at rest. In rare occasions patients may remain relatively asymptomatic until they develop a pathological fracture. 1, 6 The diagnosis of GCT is based on radiographic imaging in conjunction with confirmatory histology. Standard radiographs exhibit lesions that are usually eccentrically located in the epiphysis, extending into the metaphysis, of long bones. These lesions appear purely lytic and are locally destructive. The centre of the lesion sometimes has a soap-bubble appearance due to ridging of the surrounding bone. There is typically no clear zone of transition, no marginal sclerosis and no periosteal reaction. 1, 5, 6 Magnetic resonance imaging (MRI) findings include heterogenous high T2 signal with interspersed low signal areas or fluid-fluid levels in case of secondary aneurysmal bone cyst formation. MRI provides useful information regarding involvement of the adjacent joint and the extent of the lesion within the bone and soft tissue. 8 Computerised tomography (CT) scans may add further information regarding the extent of the tumour but are not typically used. A bone scintigraphy scan is helpful if multi-centric tumours are suspected.
Histologically, GCTs are characterised by numerous multinucleated osteoclast-like giant cells that are scattered in a background of homogenous mononuclear stromal cells. 1 The mononucleated cells are composed of two distinct cellular components, a spindle-shaped major component and a minor component consisting of monocyte-derived macrophages. The spindle-like stromal cells are of the osteoblast lineage and form the main neoplastic component of these tumours. These cells play a central role in bone destruction through the production of receptor activator of NF-κB ligand (RANKL) that binds to osteoclasts and induces osteolysis. 9 Secondary aneurysmal bone cyst formation may also be present. 8 GCT has the ability to metastasise although this does not necessarily herald malignant transformation. These benign metastases are usually to the lungs and have been reported to occur in 2% of cases. 1, 6 Malignant change, on the other hand, is defined as sarcomatous change in the primary lesion. 10 This malignant transformation is rare and only occurs in approximately 1% of cases. [11] [12] [13] Primary malignancy in GCT refers to the synchronous coexistence of a sarcoma and benign GCT within a lesion while secondary malignancy describes a sarcomatous growth in a previously treated, biopsy-confirmed, benign GCT. 14, 15 The treatment of GCTs has not changed much in the past 30 years. This is in part due to the relative rarity of the tumours and the lack of randomised clinical trials. 4 Surgery represents the mainstay of treatment. This usually involves extended curettage with a high-speed burr and chemical adjuvants in the form of either liquid nitrogen or phenol followed by filling of the tumour cavity with PMMA bone cement. 1, 5 Patients with unresectable tumours are treated with external beam radiation but transformations to malignant sarcoma have been reported. 16 Recently, new chemotherapeutic drugs like De nosumab (monoclonal antibody) have successfully been used in the management of GCTs. 17 This retrospective review aims to establish the first demographic data for GCTs in South Africa.
Materials and methods
We retrospectively reviewed a cohort of consecutive patients, seen between January 2010 and December 2014, who were diagnosed with giant cell tumour of bone. All cases of biopsy-confirmed GCT were included in the evaluation. Patients charts were reviewed and data extracted pertaining to patient demographics, tumour location, treatment and outcome.
Institutional ethics committee approval was obtained prior to commencement of the study.
Management protocol
All patients were admitted for local and systemic staging. Local staging consisted of radiographs and an MRI scan. Systemic staging included work-up for medical comorbidities, laboratory investigations and a CT scan of the chest. Tumour volume was calculated based on MRI images using the formula for an ellipsoidal tumour mass, where volume = (π/6) × length × width × height. Histology was obtained by formal incisional biopsy, according to standard biopsy principles, in all cases. Diagnosis was subsequently confirmed by combined radiological and histological evaluation. Definitive treatment involved either extended curettage or en-bloc resection. Extended intralesional excision (incorporating the use of a high-speed burr to resect the adjacent bony margins) in conjunction with local adjuvant (80% phenol or liquid nitrogen), PMMA and locked plating was performed in all cases without pathological fracture and/or intra-articular extension. In cases where concern existed about a break in the continuity of the subchondral bone and cartilage, liquid nitrogen was preferred above phenol as local adjuvant therapy due to the risk of intra-articular spillage. Cases involving pathological fracture with significant soft tissue extension, intra-articular extension or loss of structural integrity that was not considered reconstructable with PMMA and locked plating were treated with en-bloc resection and modular endoprosthesis (GMRS, Stryker) or osteoarticular allograft replacement. Tumours with histological evidence of malignancy were treated by wide excision and modular endoprosthetic replacement. Patients were followed up, clinically and radiologically, three monthly during the first two years postoperatively and then six monthly.
Statistical analysis
Statistical analysis was performed using Stata 13.0 (StataCorp. College Station, Texas). Differences in continuous variables were compared with the use of the Wilcoxon rank-sum test. Categorical variables (metastases and malignancy) were cross-tabulated against HIV status and the association was analysed using the Fisher exact probability test. All tests were two-sided and the level of significance was set at p ≤ 0.05.
Results
Twenty-four patients met the inclusion criteria. Two patients were excluded. The first patient had polyostotic lesions with a histological diagnosis of a GCT. This patient is however being further investigated for suspected hyperparathyroidism. The second patient had an initial histological diagnosis of GCT of bone but confirmatory histology after definitive surgery showed a chondroblastoma with a minor aneurysmal bone cyst component. The final cohort consisted of 22 patients with a mean age of 32.4 years (range 12-63) ( Table I ). The majority of patients (72.7%) were in the third and fourth decades of life. (Figure 1) A slight male predominance with a male-to-female ratio of 1.2:1 (12 men and 10 women) was observed. Seven (31.8%) patients were HIV positive with a mean CD4 count of 265.8 cell/cm 3 (range 59-454). Six HIV-positive patients were on highly active antiretroviral therapy. Patients with CD4 counts below 350 cells/cm 3 were started on antiretroviral therapy prior to surgery.
The majority of giant cell tumours arose around the knee with nine out of 22 (40.9%) involving the proximal tibia and three (13.6%) involving the distal femur (Figures 2 and 3 ). All patients were treated surgically. Ten patients underwent tumour resection and megaprosthesis reconstruction. Four (40%) of these patients were HIVpositive. Megaprosthesis reconstruction was performed for seven tumours that were located around the knee, two proximal femurs and one proximal humerus. Six patients were treated with extended curettage with liquid nitrogen followed by PMMA bone cement and locking plate fixation. Two patients with GCTs involving the distal radius were treated by resection of distal radius followed by size matched allograft replacement and locking plate fixation. The tumour located in the ulna was treated by wide resection of the distal ulna without reconstruction. One tumour that was located in the superior pubic ramus was treated with bone graft following the extended curettage. Two patients required amputation as the initial management in order to achieve pain control and limit impairment. Both of these were massive tumours that were located in the proximal tibia and unresectable at time of presentation.
Average follow-up was 21 months and ranged from two to 54 months. One patient died during the follow-up period. This male patient was HIV-positive and presented with an unresectable tumour in the proximal tibia and lung metastases. No tumour recurrence was observed during the follow-up period.
Discussion
The current study documents the demographic information, tumour location, treatment and outcome of 22 patients diagnosed, clinically and histologically, as GCT of bone. We observed a slight male predominance (1.2:1), which is contradictory to international literature that reports a female predominance of 1:1.5. 2, 3, 8 Our results reflect international literature with 81% of cases being between the ages of 20 and 50 years. 2, 3 Less than 5% of cases involved children younger than 14 years of age, and 9% of patients were older than 50 years. 5 GCTs are typically located at the ends of long bones. [5] [6] [7] The distal femur and proximal tibia are involved in 50% to 65% of cases, with the distal radius being affected in about 10% of cases. [4] [5] [6] The proximal femur and humerus are affected in less than 10% of cases respectively. [18] [19] [20] [21] [22] GCTs involving the pelvis and ulna are rare. [23] [24] [25] Our results mostly concurred with these reports, with 55% of tumours occurring around the knee, 9% in the distal radius and 9% in the proximal femur. We observed a slightly higher incidence of tumours involving the humerus (14%), ulna (4%) and pelvis (9%), than previously reported.
Fluid-fluid levels, con sistent with secondary formation of aneurysmal bone cysts (ABC), have been reported in up to 14% of GCT cases. 5 We observed secondary ABC formation in two tumours (9%).
Benign GCTs have the ability to metastasise and this usually involves spread to the lungs. The overall risk for metastatic spread ranges from 1% to 9%, with the largest series reporting a rate of 2.6%. 26, 27 Mortality from lung metastases in GCTs range from 14% to 23%. 26, 28, 29 We observed lung metastases in 15% of benign GCTs. The median tumour volume was significantly higher in patients who developed lung metastases (467.4 cm 3 vs 137.8 cm 3 ; p=0.03). Three of these patients (75%) were HIVpositive, but this was found not to be statistically significant (p=0.07). The mortality rate of GCT with lung metastases in our series was 25%.
Primary malignancy in GCT accounts for less than 1% of cases in international reports. 14 We observed two cases (9%) of primary malignancy. One occurred in the proximal tibia of a HIV-positive male and the other in the distal ulna of a HIV-negative female (p=0.54).
The recurrence rate after extended curettage with highspeed burr and liquid nitrogen or phenol is reported to be as low as 2%. 1, 5 No recurrence was observed in this series with the use of extended curettage in combination with either cementing or bone grafting of the defect.
This study has several shortcomings. The retrospective nature of the analysis and the small number of cases prevents drawing definitive conclusions. This report does however provide novel information about the demographics of GCTs in the South African clinical setting and in HIV-positive patients. The increased rate of metastases is an interesting finding and the relationship with the size, duration or Campanacci classification of the primary tumour needs further investigation. Although there was a trend towards increased rate of metastases in HIV-positive patients, this did not reach statistical significance and larger series of cases will be required.
Conclusion
This retrospective review presents the demographic results and treatment outcome of 22 patients with GCT diagnosed and treated in a higher institution. We observed a slight male predominance and the majority of patients were in the third and fourth decades of life. The anatomical distribution of tumours was also consistent with previous reports. The incidence of metastases (15%) and primary malignant GCT (9%) is higher than in other reports. The association between these findings and HIV infection warrants further investigation. The occurrence of lung metastases appears to be associated with the size of the primary tumour.
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